We analyze the behaviour of TE, TM electromagnetic fields in a toroidal space through Maxwell and wave equations. Their solutions are discussed in a space endowed with a refractive index making separable the wave equations.
Introduction
Toroidal functions have been known for a long time and an important bibliography is given in [1,2] with some applications to diffraction of acoustic and electromagntic plane waves by a torus. These functions have played a major role in the analysis of plasma confinement in a torus configuration [3] , where further references can be found] and, more recently, important works have been devoted to their application in particular situations [4] [5] [6] .
We are interested here in TE, TM electromagnetic fields in a toroidal medium which becomes of importance for the so-called transformation media: a tool used to tackle invisibility problems [7] . We start with a presentation of the main properties of the toroidal coordinates   . Then, we discuss the Maxwell equations satisfied by the components E  , H  , H  of TE modes (it is easy to transpose these results to TM modes H  , E  , E  ) and, we finally get the wave equation satisfied by E  . Approximate solutions of this equation are obtained when the index of refraction in the toroidal space makes separable the wave equation.
Toroidal Coordinates

Geometric Parameters
In terms of the Cartesian coordinates x, y, z, the toroidal coordinates      are defined by the relations [8] [9] [10]       asin cos cosh cos asin sin cosh cos asin cosh cos
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Differential Operators
Using the general definition of th ferential operators in orthogonal coordinates [10, 11] , get gradient:
curl:
and, for the laplacian of a scalar field
TE Field
The components of the TE field 
Multiplying (11) by 2 h    and using (6(a)), we get with
and, since
et a more tractable wave equation, we introduce [8, 10] 
and we write (13) A + C = 0. + B Then, the expression (6(b)) of h  is written with the parameter a deleted 
Then, taking into account (14), (15b), (16) , the first 
Similarly with
the second term
and, a simple calculation gives since the terms    cancel
Taking into account (17a) and (19a), we get propagation in a toroidal space could be of some interest to toroidal cosmology [17] [18] [19] .
